Abstract. An analysis of the abundances of the Silicon star HD 206653 is presented using an ATLAS9 model atmosphere and observational material taken with a REOSC echelle spectrograph attached to the Jorge Sahade 2.15 m telescope at CASLEO. The light elements are solar or deficient except silicon which is overabundant by a factor of 5. The iron peak elements are all overabundant by factors between 10 and 50. Sr and Y are around 1000 times the solar values. Among the Rare Earths only Ce and Eu are identified; both are overabundant by large factors.
Introduction
This research is part of our current program for deriving elemental abundances among CP stars. For this paper we have selected HD 206653. This star is also known as BC Ind (V = 7.2). It has been classified in the list of Bidelman & Mac Connell (1973) as an Ap star of the silicon group. Differential uvby photometry has been carried out by Hensberge et al. (1977) , and the results showed that the observations were well represented by a period of 1. d 788 ± 0. d 005; they also found that the b −y color index varies slightly while m 1 remains constant. The peak-to-peak variation is larger in the u filter (1.2 mag) while in the other filters the peak-to-peak variations are not larger than 0.4 mag. Levato et al. (1996) estimated a radial velocity of −0.5 km s −1 and a value for the projected rotational velocity of ≤30 km s −1 . Table 1 presents some relevant observational data for HD 206653. The UBV data and Strömgren photometry were taken from the CDS database. The latter values at the CDS were derived from Hauck & Mermilliod (1980) . The parallax is the Hipparcos' value (Perrymann et al. 1997) .
Strömgren photometry has been also published by Maitzen et al. (2000) and there are ∆a measures by Maitzen & Vogt (1983) . 4.14 el Leoncito (CASLEO) equipped with a REOSC echelle spectrograph 1 and a TEK 1024×1024 CCD detector. Two spectra were obtained covering the visual range λλ3640-5400, and two covering the red region λλ6200-8450. For the latter, those regions with telluric contamination were not measured. The REOSC spectrograph used gratings as cross dispersers. We have used one grating with 400 lines mm −1 and another with 315 lines mm −1 for the blue and red region respectively. The S /N ratio of the spectra is around 100 and the blue spectra were taken in two consecutive nights (HJD 2451031.736 and 2451032.789 ) while each red spectrum was secured at HJD 2451416.652 and 2451417.683 respectively. Using the ephemeris derived by Hensberge et al. (1977) , the HJD indicated correspond to phases 0.725, 0.314, 0.003 and 0.579 in increasing order of HJD. There is no more than 20% difference among the equivalent width measurements of the same lines in different spectra. The spectra were reduced by MG, using IRAF 2 standard procedures for echelle spectra, and they were normalized order by order with the splot task of the same package. The resolution of the spectra is 0.17 Å/px in the blue and 0.21 Å/px in the red. Extensive description and tests of observational material obtained with the same equipment, and astrophysical results derived from them, have been published by Pintado & Adelman (1996) , Adelman & Pintado (1997) , Pintado et al. (1998) and more recently by Z. López . The equivalent widths were measured by fitting Gaussian profiles through the stellar metal lines using the same task. The equivalent width scale of these spectrograms has been proved to be marginally larger than those for Kitt Peak National Observatory (KPNO) coude feed CCD and Dominion Astrophysical Observatory (DAO) Reticon spectrograms. See details in Pintado & Adelman (1996) and in Adelman & Pintado (2000) . Line identification of HD 206653 has been carried out by Albacete Colombo et al. (2001) , in preparation. The stellar lines were identified using A Multiplet Table of 
Observational material and line identifications
, C , Mg , Mg , Al , Si , Si , S , Ca , Sc , Ti , Cr , Mn , Fe , Fe , Ni , Sr , Y , Zr ,
Atmospheric parameters
The determination of effective temperatures for Ap stars is a difficult problem. North & Kroll (1989) estimated the effective temperature for HD 206653 using two different methods. First they used the calibration of the Geneva photometry provided by Lanz (1987) and they obtained T eff = 12 350 K. Second, they used the calibration by North & Nicolet (1990) of the Geneva Y/X diagram, valid for stars whose [M/H] are equal to 1.0, which is more realistic than the solar composition models used by Lanz, and they obtained T eff = 13 230 K. From these previous temperature estimations, North & Kroll (1989) estimated surface gravities for CP stars and obtained log g = 3.52 ± 0.10 and 3.73 ± 0.10 respectively for each temperature value. Another estimation of the effective temeprature was done by Glagolevskij (1994) , who used the Shallis-Blackwell method starting with the total flux emitted by HD 206653, and he found 12 600 K.
For consistency with previous papers published by our group (see Z. López García et al. 2001), we used uvbyβ mean colors from Hauck & Mermilliod (1980) with the calibration of Napiwotzki et al. (1993) to obtain an initial estimate of the atmospheric parameters of HD 206653. The result was T eff = 13 370 K and log g = 3.95. As there are no spectrophotometric measures for this star, we used the correction given in Adelman & Rayle (2000) to estimate a spectrophotometric temperature using uvbyβ photometry and we found T eff = 14 535 K, log g = 3.86. We finally adopted these values. Errors in these two parameters are around 200 K for the effective temperature and 0.2 dex in log g according to the discussion by Adelman & Rayle (2000) . These values agree with the errors discussed by Napiwotzki et al. (1993) for normal star from middle B to early F. With the values of log g and effective temperature determined as explained above we have computed a model atmosphere using Kurucz's ATLAS9 code with [M/H] = 1, which is characteristic of the Silicon stars.
Abundance analyses
We determined the metal abundances from the average equivalent widths of the two blue spectra and the average of the two red spectra, using the WIDTH9 code (Kurucz 1992) . The adopted metal line damping constants were the default semiclassical approximations except for those of neutral and singlyionized Ca-Ni lines whose values are based on the data of Kurucz & Bell (1995) . For lines of C II, multiplet 6, and Mg II, multiplet 4, adopted values for the Stark broadening were based on data of Sahal-Brechot (1969) and for Si II and Ca II, the damping constants are those of Lanz et al. (1988) and Chapelle & Sahal-Brechot (1970) respectively. We prefer this choice of g f values to the VALD database values (Piskunov 1996) to assure homogeneity with our previous work. For calculating the microturbulent velocity we have used the standard method. We calculated abundances from FeII lines for HD 206653 for a range of possible microturbulent velocities. To determine the final value, we looked for the conditions where the abundances of Fe II were independent on the equivalent widths or the rms scatter of the abundances becomes a minimum. Values for this species were derived using lines with g f values from Martin et al. (1988) (MF values) and also with g f -values from compatible sources, in this case from Kurucz & Bell (1995) (KX values) . From FeII lines a mean microturbulence of 1.7 km s −1 is found for HD 206653 ( Figs. 1  and 2 ). The CrII lines yield 1.4 km s −1 while the TiII lines suggest 0.0 km s −1 . The difference between the values estimated from different species can be attributed to the fact that the silicon stars have magnetic fields. Thus, the Zeeman broadening is different from line to line. For weak lines it is a pseudomicroturbulence that combines in quadrature with any real microturbulence. A mean value of 1.7 km s −1 was finally adopted. We should point out that the above difference between Ti II and Fe II results have been observed also in our previous analysis of other CP stars.
According to the radiation diffusion scenario (Michaud & Proffit 1993) , the atmospheres of the mCP stars should be quiescent. Thus, the true microturbulence should be zero. However, when we examine the spectra of most mCP stars in an attempt to find microturbulence by standard techniques, we find non-zero values due to line broadening produced by the Zeeman effect acting as a pseudo-microturbulence. Following Adelman (1973) we equated the mean width of the Zeeman σ components to the Doppler broadening to derive an effective microturbulence for each line that increases with the strength of the magnetic field and the width of the Zeeman pattern.
With this method we can only have an approximate value of the magnetic field but it is adequate for the quality of our observational data. We have previous evidence of a magnetic field in HD 206653. North & Cramer (1984) found a field of 1.5 kG. By assuming that there is no microturbulence and requiring that the abundances be independent of the derived magnetic field or that the scatter in the derived abundances be a minimum, we found from FeII lines that the surface magnetic field of HD 206653 (Figs. 3-6 ) is about 1.6 kG. This value agrees with the North & Cramer (1984) determination. The CrII lines yield 1.7 kG and the TiII lines 0.0 kG. As the rms values about the mean are similar for both methods, we present the final abundance results for the assumption of a uniform microturbulence of 1.7 km s −1 for HD 206653. (Grevesse et al. 1996) and also with the abundances of other Silicon stars, HD 43819 (López-García & Adelman 1994 ), HD 133029 and HD 192913 (López-García & Adelman 1999 ), HD 170973 (López-García et al. 2001 . Compared to the sun, the light elements in the atmosphere of HD 206653 are solar except for Si, which is overabundant by a factor 5. Carbon seems to be highly deficient but its abundance is determined from only two lines. Al and S are represented by only one line. The "iron peak elements" are all overabundant, Ti, Cr, Fe and Ni by factors of 45, 25, 10 and 4, respectively. Sr and Y are overabundant by a factor 1000. For Zr and Ba we have only identified one line. Of the rare earths only Ce and Eu are present, while in the other silicon stars included for comparison in Table 2 , we have identified Note: * Indicates that the abundance is determined from one or two lines only. also Pr, Nd, Sm, and Gd. For HD 192913 Dy also has been found. He I lines are not seen in the spectrum of HD 206653. Summarizing the results for HD 206653 indicates that it is a silicon star with characteristics similar to those found by other authors for this subclass of CP stars. The magnetic field has been determined in a crude mode, but the result agrees with a previous determination. A critical comparison with theory will be done once a larger and consistently analyzed sample becomes available. 
Discussion and conclusion

